background: Adverse conditions during prenatal life are associated with changes in physical and mental functioning in later life, as shown in children born preterm or small for gestational age. While recently in IVF children cardiometabolic differences have been demonstrated, there might also be risks for disturbance in cognitive functions. Therefore, this study examined information processing, attention and visual-motor function in pubertal IVF children compared with spontaneously conceived controls from subfertile parents. Results of these cognitive functions were then related to cardiometabolic measures to explore whether both can be explained by changes in fetal programming due to IVF.
Introduction
There is increasing evidence that environmental influences during prenatal life are associated with changes in physical and mental functioning in later life. These associations are thought to be the consequence of altered programming of physiological, metabolic and endocrine systems during critical or sensitive periods in early life. It has been shown that pregnancies leading to small for gestational age or preterm birth give rise to elevated blood pressure, disturbed insulin -glucose ratio and increased body fat in adolescent and adult life (Barker et al., 1989 (Barker et al., , 1993 Barker, 1995; Veening et al., 2002 Veening et al., , 2004 Keijzer-Veen et al., 2005) . The period around fertilization is one of the critical times when the developing conceptus may be susceptible to environmentally induced changes. Studies in animals demonstrated that embryo manipulation techniques are linked to long-term alterations in the characteristics of fetal and post-natal growth and development (Flemming et al., 2004; Lonergan et al., 2006) . The IVF process in humans might affect the vulnerable developmental processes occurring during early prenatal life and may result in long-term perturbations of developmental pathways. A study was therefore performed to examine growth, physical functioning and development in 8-18-year-old children born to subfertile parents who were either successfully treated with IVF or who eventually conceived spontaneously. In this study, increased blood pressure, a higher fasting glucose level and more body fat were found in IVF children compared with the spontaneously conceived children (Ceelen et al., 2007 . This seems to confirm the hypothesis of 'prenatal programming', similar to that shown in children born small for gestational age or preterm.
Besides differences in metabolic function, alterations in cognitive functions have more frequently been found in children born preterm or small for gestational age (Aylward et al., 1989; Eckstein Grunau et al., 2002; Viggedal et al., 2004) . In preterm and very-low-birthweight children, a wide range of specific neurocognitive functions seem to be compromised. Recent reviews suggest that especially visual-perceptual and motor-related skills, as well as executive and attentional functioning, may be at risk (Johnson, 2007; Allen, 2008; Anderson and Doyle, 2008) . The broad range of cognitive, motor and behavioural problems described in children born preterm or of low birthweight indicates possible early and diffuse brain injury, and subsequent impairment of neural networks and brain development (Anderson and Doyle, 2008) . On the basis of the similarity in abnormalities in the physical domain between preterm/low-birthweight children and IVF children, and bearing in mind the rather different early prenatal environment of IVF embryos, it seems important to examine the long-term cognitive outcomes in IVF children. General intelligence among IVF children is reported to be reassuringly normal (Cederblad et al., 1996; Levy-Shiff et al., 1998 , Leslie et al., 2003 Place and Englert, 2003; Ponjaert-Kristoffersen et al., 2005; Wagenaar et al., 2008) . However, apart from one study measuring visual-motor coordination, visual memory and language comprehension in 9-10-year-old IVF children (Levy-Shiff et al., 1998) , more specific cognitive functions have not been investigated. Neurodevelopmental outcome is the result of a very complex interaction between biological and environmental factors, and IVF children may be exposed to the same potential risk factors as children born preterm or small for gestational age. Therefore, we hypothesized that IVF children might be at risk for disturbances in specific cognitive abilities, and it was decided to assess information processing, attentional functioning and visual-motor functioning in IVF children.
The present study examines whether these specific cognitive functions are influenced by IVF conception. In addition, based on the cardiometabolic differences found in our cohort of IVF children , we attempted to relate these cognitive functions to cardiometabolic outcome to explore whether both may be associated with changes in fetal programming due to IVF.
Materials and Methods

Participants and procedure
The data for this study were derived from a large study on the growth, health and psychological functioning (cognitive and psychosocial) of 8 -18-year-old IVF children born between 1986 and 1995. Figure 1 gives an overview of the inclusion process and the study population (see Ceelen et al., 2007 Ceelen et al., , 2008 for more details on the study population and procedure).
A total of 354 families with a singleton child born from IVF conception during 1986 -1995 at the VU University Medical Center Amsterdam, The Netherlands, were invited by mail to participate. Twins, multiples and children born from other reproductive techniques (such as ICSI) were excluded. As a control group, 454 children spontaneously born between 1986 and 1995 to couples who visited the Department of Gynaecology with former fertility problems were invited to participate. Control children were matched one-to-one for sex and age (+3 months) with the IVF children. Finally, 69% of the approached IVF children and 51% of the approached controls agreed to participate, resulting in 246 IVF and 233 control children available for this study. This means that for 13 IVF children, no matched control child was found; these 13 children were excluded from further analyses, resulting in 233 matched pairs.
To explore information processing, attention and visual-motor function, participants from the IVF and control groups (i.e. 233 matched pairs) reaching physical puberty stage II according to Tanner (1981) were selected to undergo further psychological assessment. This subpopulation consisted of 139 adolescents conceived by IVF and 143 control adolescents. The psychological assessments were performed between March 2004 and March 2006. Most children and their parent(s) were seen at the VU University Medical Center on the same day they visited the hospital for physical examination. Psychological assessment of the children was conducted using standardized (computer) tests for neuropsychological evaluation. Assessment and scoring of the tests was done by a trained child psychologist. The study was approved by the Medical Ethics committee of the VU University Medical Center and the Central Committee for Human Research (CCMO, The Hague). Parents and children aged 12 years and older signed standard informed consent forms.
Measures
Perinatal and demographic data
Perinatal and demographic data were already available from the overall study. Because preterm birth/low birthweight of the child, as well as the parent's education level, are known to be related to the child's cognitive abilities, information on these aspects was included in the present study. Also included was information on learning or developmental disorders in the children, age of the parents and information on parity. In the overall study population, only the education level of the mothers showed a significant difference between the IVF group and controls (P , 0.05). Since neither the fathers' nor the parents' highest education level was significantly different (Wagenaar et al., 2008) , only the maternal education level was included in the present study. Maternal education level was divided into low (elementary school or lower level of secondary school and vocational training), middle (medium and higher level of secondary school or medium level of vocational training) and high (university or higher level of vocational training).
General cognitive ability
General cognitive ability was screened to establish whether any differences in general intelligence existed between the two groups; this is required to enable interpretation of the specific cognitive measures. General cognitive ability was measured using the Dutch CITO test scores. The CITO test is a national test of educational achievement administered in the last year of primary school (at circa 12 years of age). In the Netherlands, this test is generally used to determine high-school entrance level. There is a 0.63 correlation between the CITO scores and the IQ measures at 12 years of age (Bartels et al., 2002) . For the children in the present study who had performed the CITO test, permission was obtained from the parents to use their score.
Information processing, attention and visual-motor function
A series of neuropsychological tests, designed to measure the various aspects of information processing, attention and visual-motor function, was individually administered to each adolescent. We used the Amsterdam Neuropsychological Tasks (ANT) computer-based program, supplemented by international well-known (paper-and-pencil) tests. The ANT program has previously been used in international published studies to examine neurocognitive deficits in various patient groups (Huijbregts et al., 2003; Kalff et al., 2003; Buizer et al., 2005) and is reported to be a reliable and valid instrument (De Sonneville, 2003) .
Information processing and attention
Information processing and attention were measured using the Trailmaking Test (Reitan, 1979) and three subtests of the ANT program (De Sonneville, 1999) .
The Trailmaking Test is a paper-and-pencil test consisting of parts A and B in which the child has to connect numbers (part A), and numbers and letters in alternating order (part B), as quickly as possible in the correct sequence by drawing lines between them. It assesses speed and accuracy of attention, as well as the capacity for mental shifting. In addition, visualmotor function is a factor in the performance of this test. Scores are given for the time (seconds) taken to complete the task and the number of errors made, separately for parts A and B, as well as combined. Two versions were used: one for children aged up to 14 years (15-stimuli version) and another for children aged 15 years and older (25-stimuli version).
On the ANT Baseline Speed test (a visual reaction-time task), the child has to react as quickly as possible by pressing a response button (mouse key) when a 'cross' in the center of the computer monitor changes into a 'square'; following the response, the 'cross' appears again. There are separate trials for the right and left index finger. Scores are given for speed (milliseconds) and stability of reaction.
The ANT Memory Search Letters is a divided attention task in which the child has to distinguish (in three series) whether a target letter ('k' in series 1) or a combination of target letters ('k' and 'r' in series 2; and 'k', 'r' and 's' in series 3) is projected between other letters on the computer screen, and has to confirm or reject this by using the left and right response button, respectively. Scores are given for the reaction time (ms) of correct responses (hit and correct rejection) and the number of false responses (miss and false alarm).
ANT Sustained Attention Dots is a continuous performance test in which the child has to discriminate between three, four or five dots that appear in 50 series of 12 patterns on the computer screen. Presentation of four dots requires the child to press one mouse key and presentation of three or five dots the other key. The children are informed about errors by means of a 'beep' signal. Reaction time (ms) of the correct responses (hit and correct rejection) and the number of false responses (miss and false alarm) are computed as main outcome parameters.
Visual-motor function
Visual-motor function was measured using the Beery -Buktenica test for Visual Motor Integration (VMI), Visual Perception (VP) and Motor Coordination (MC) (Beery, 1989; Beery and Buktenica, 1989) , as well as two subtests of the ANT (De Sonneville, 1999) and the Purdue Pegboard (Tiffin, 1968; Gardner and Broman, 1979 Cognitive functioning of adolescents born after IVF On the Beery VMI, the child has to copy figures with a pencil at his/her own tempo; a score is given for the number of correct figures copied. On the Beery VP, the child has to recognize the target figure between comparable figures, and on the Beery MC, the child has to draw the target figures between lines. On both the VP and the MC, there is a maximum time limit; scores are based on the number of correct items within the time limit. All scores on the three Beery subtests can be transformed to T-scores in order to make comparisons with Dutch population norms. However, in the present study, raw scores were used to compare the two groups. The Beery test is reported to have good reliability/validity (Beery and Buktenica, 1989) .
The ANT Pursuit test was used to measure accuracy and stability of movement along an unpredictable trajectory. The child has to follow a randomly moving target (a small star) on the computer screen with the cursor by moving the mouse with the left and right hand over a period of 60 s. The mean distance between the target and the cursor (and the standard deviation of the deviation) reflects the accuracy and stability of the planning and execution of movements.
The ANT Tapping task was used to measure motor speed. The child has to tap with his/her left forefinger, right forefinger, and both forefingers alternating, and synchronized as often as possible during the task time. Scores are given for the number of taps, with a higher score indicating higher speed. Both the ANT Pursuit and the Tapping tests are reported to be sensitive for detection of specific motor deficits (Huijbregts et al., 2003; Kalff et al., 2003) .
The Purdue Pegboard, a test for fine MC, consists of a board with two parallel rows of 25 holes in each row. Pins, collars and washers are located in four cups at the top of the board. The child has to place as many pins in the holes as he/she can from top to bottom within 30 s. Left, right and both hands are simultaneously tested. In a fourth (more complex) part of the test, as many 'assemblies' as possible (consisting of a pin, a washer, a collar and a second washer) have to be built with both hands within 60 s. For each subpart, the total number of placed pins, or assemblies built, is counted. A higher score indicates better fine MC.
Blood pressure and glucose level
After analyzing the data on information processing, attention and visual-motor function in both the IVF and the control groups, we investigated whether the outcome of these cognitive functions was related to that of the metabolic parameters studied in these groups . Therefore, data on systolic and diastolic blood pressure and glucose levels were divided into quartiles to explore whether children in the highest quartiles had different scores for the cognitive measures compared with children in the lower quartiles. In addition, differences between IVF and control children were examined to assess the role of mode of conception.
Statistical analyses
The Statistical Package for Social Science (SPSS) Windows version 12.0 was used for all analyses. First, the IVF and control groups were compared on perinatal and demographic variables using independent samples t-tests and x 2 tests. Group comparisons for CITO test scores and the specific cognitive measures were made using multiple linear regression. Differences were considered statistically significant if P 0.05 (two-tailed). Perinatal and demographic variables that differed significantly between the groups were included in the model as covariates; maternal education level was entered as a sociodemographic variable. To test whether a relationship exists between information processing, attention, visual-motor function, metabolic parameters and mode of conception, ANCOVA with post hoc analyses were made between the groups. Age and sex of the child were included as covariates.
Results
Child characteristics and perinatal and demographic variables
The characteristics of the 139 IVF and 143 control adolescents participating in the present study are summarized in Table I . Age of the children ranged from 9 to 18 years. Mean age in the IVF group was 13.6 (+2.1) years and in the control group was 13.5 (+2. Because gestational age and birthweight of the children, parity and mothers' education level differed significantly between the two groups, these variables were entered into further analyses as covariates.
General cognitive ability
The CITO test scores were used to check whether differences exist in general cognitive ability between the two groups. In total, 88 children from the 139 IVF children (63%) and 86 from the 143 control children (60%) had taken a CITO test. The remaining children had no CITO score because they were not yet in the last year of primary school, or had taken another type of test to get advice for secondary education. Of those with CITO test scores, 74 of the 88 IVF children (84%) and 66 of the 86 control children (77%) were available for analyses. Of the remaining children who had taken a CITO test, the scores were never received, despite repeated requests to the parents. Table II shows that there were no significant differences in the CITO scores between the IVF and the control groups. In both groups, the scores are above the general Dutch population score (mean score 535) and above the score for children from urban districts (mean 538; www.cito.nl). Table II presents the results of the tests measuring information processing and attention. Although IVF adolescents generally needed more time to respond to the tasks than the control group, none of the between-group differences was significant. Similarly, no between-group differences were found in the number of false responses during the tasks. Table III presents the mean scores for all visual-motor tasks. On the Beery test, a significant difference was found between the two groups for VP, with IVF adolescents performing worse than the control group on recognition of figures. However, when comparing the IVF adolescents' score with the test norm data, their score is exactly the mean score (T-score ¼ 50) and thus within the normal range. No significant differences were found between the two groups on the Pursuit task. On the Purdue Pegboard, the IVF adolescents had slightly lower scores than controls, with the score on their dominant hand showing a significant difference. On the Tapping task, IVF adolescents tapped slower and obtained lower scores than control adolescents; significant differences were found for the dominant and non-dominant finger, but not for the tasks using both fingers. The IVF group included three children with motor handicaps due to cerebral palsy; however, when these three children were excluded from the analyses, the significant differences on the Purdue Pegboard and the Tapping task remained.
Information processing and attention
Visual-motor function
Information processing, attention and visual-motor function related to metabolic parameters Table IV presents (in quartiles) the systolic and diastolic blood pressure and glucose levels for the adolescent subgroup participating in the present study. For all three parameters, more IVF than control adolescents fell in the highest quartiles. For systolic as well as diastolic blood pressure and glucose level, no significant differences were found in Trailmaking, Baseline Speed, Memory Search Letters, Sustained Attention Dots, Beery, Pursuit, Purdue Pegboard or Tapping outcomes between the highest and the lowest quartiles within the groups, or between the IVF and the control groups.
Discussion
This is the first study presenting data on important cognitive functions in adolescents born after IVF compared with spontaneously conceived controls born to subfertile parents, and relating these findings to cardiometabolic outcomes.
In the present study, no differences in the cognitive functions of information processing and attention were found between the IVF and the control groups. With regard to visual-motor function, adolescents conceived by IVF obtained lower scores both in tests measuring motor speed and in those measuring a combination of MC and speed. However, these scores were still within the normal range for these tests. To investigate whether cognitive abilities were related to cardiometabolic outcomes, systolic and diastolic blood pressure and glucose levels were divided into quartiles and then related to information processing, attention and visual-motor outcomes. No differences within and between the two groups were found.
Our study shows that, in contrast to children born small for gestational age or preterm, IVF children have no higher risk for specific cognitive deficits. This is in accordance with the study of Levy-Shiff et al. (1998) , who reported that visual-motor coordination, visual memory and language comprehension in 9-10-year-old IVF children were not different from those of naturally conceived children. The reassuring levels of cognitive functioning found in our adolescents born after IVF is supported by a recent study on ICSI and IVF children aged 5 -8 years (Knoester et al., 2007) . These authors found that singletons, either born at term or when corrected for birthweight and preterm birth, are neurodevelopmentally not different from their naturally conceived peers. Sutcliffe and Ludwig (2007) stated in a recent review that a singleton child conceived after assisted reproduction, born at term with a birthweight within the normal range following a healthy pregnancy, is at no greater risk of neurodevelopmental difficulties than an equivalent child conceived naturally.
Moreover, we found no relationship between the cardiometabolic outcomes and the investigated cognitive functions, suggesting that these functions are developmentally not directly related to each other. This might indicate that these cognitive functions are not influenced by the early programming of metabolic systems. Brain function may develop independently from development of the metabolic systems and may not have its critical window at the same stage of pregnancy, which might explain why IVF conception has a negative influence on cardiometabolic function but not on cognitive ability. That children born small for gestational age due to malnutrition in the last trimester of gestation develop subtle cognitive deficits might suggest that the critical window for cognitive functions occurs later in pregnancy. In addition, when an individual IVF child has problems in the domain of cognitive development, this might be due to preterm delivery or being small for gestational age rather than to the IVF procedure itself. Although our findings regarding cognitive functioning in this group of adolescents are reassuring, some methodological aspects must be addressed. Our study population consisted of singleton pubertal IVF children conceived in our hospital. To include as many children as possible, we invited all children who had reached at least Tanner stage II of puberty, resulting in a group aged 9-18 years. This wide age range may be a limitation of our study design. By matching IVF and control children one-to-one for sex and age, we tried to compensate for this shortcoming. Within this study population, the response rate in the IVF group was fairly high at 69%. However, because the number of variables measured was large, the number of children in both groups (about 140 per group) may have been too small for the differences found to reach significance.
The present study also had a number of non-participants. Families who refused to participate in the study received a questionnaire regarding growth, health, education level of the parents and child, and other child characteristics. As stated in our earlier reports (Ceelen et al., 2007; Wagenaar et al., 2008) , the mothers of participating children more often had a higher education level than mothers of non-participating children (37% versus 24%; P , 0.01); differences were similar for the IVF and control groups. Thus, overall, parents of non-participants appeared to have a lower education level than those of participants, and it is possible that non-participating children might also have a lower education level. Since children with lower education levels more often experience learning disabilities, the problems in cognitive abilities for our study group might have been underestimated. However, differences in parental education level were similar in the IVF and control population, so that an increase in specific cognitive deficits is likely to be attributable to the education level rather than to the IVF conception itself.
When assessing information processing, attention and visual-motor function, we measured only a selection of cognitive functions. Our choices were related to fetal programming and findings in children born preterm and/or small for gestational age and may have been too narrow. Other cognitive functions may be at risk in IVF children.
On the basis of the findings of the present study, we conclude that cognitive abilities, as measured by the tasks assessed, appear to develop normally in IVF children. However, before definite conclusions can be drawn, these results need to be reproduced and extended to other cognitive domains in additional prospective follow-up studies. For such studies, we emphasize the importance of recruiting large groups and of including IVF children with a lower education level. 
